Abstract A discussion is presented, describing the published designs of magnetic of hydrocyclones and the outcome of using them to separate magnetite-sand mixtures. The designs fall into two groups: first, where magnetic--susceptible particles are attracted to the centre of the cyclone and are discharged through the overflow and secondly, where particles are attracted to the outer cyclone wall from where they exit via the underflow. This report also covers theoretical assessments of magnetic hydrocyclones; included is a modelling study, detailing how the resultant force experienced by the particles would vary with the number of magnetic poles incorporated in the hydrocyclone design. At the end of the paper, a new project is introduced, based on the conclusions of the above studies. This will use powerful rare-earth-type permanent magnets to provide high field values and gradients. With this approach it is hoped to overcome the difficulties encountered with previous designs.
INTRODUCTION
The designs of magnetic hydrocyclones fall into two groups. The first is where an electromagnet provides a field pattern, attracting the magnetically susceptible particles to the centre of the cyclone and then through the overflow. The second set of designs has electromagnets set on the outside of the cyclone, providing a field to attract particles to the side wall of the cyclone, from where the flow takes them through the underflow.
OVERFLOW MAGNETIC HYDROCYCLONES
An overflow design of magnetic hydrocyclone has been developed by Fricker [1] , in order to concentrate titano-magnetite from iron-sands. The overflow design was chosen because it was thought that by control of the inlet pressure and the current to the electromagnet, greater selectivity could be achieved in the separation of locked particles. These locked particles were composites of titano-magnetite and augite. The design is illustrated in Fig. 1 Fig. 2 .
A sand-magnetite mixture was used to test the performance of the system. While the magnetic field was increased, the variation in the recovery to the underflow, .f both the magnetic and non-magnetic components, was studied. It was found thnt the recovery of the magnetite improved until the field reached 0.1 T. after which the recovery fell. The deduction from this observation was that there was a build-up of magnetite inside the cyclone at the higher field levels, which then caused distortion of the fluid flow.
An interesting result, from this hydrocyclone, was the relationship between the applied magnetic field and the non-magnetic component. They defined a number of parameters, including the average force factor; the product of the field strength and the field gradient (H./ //). These were solved both in the radial (average radial factor, ARF) and tangential (ATF) directions.
The ideal case would have the ARF very high, to attract particles to the cyclone wall, and the ATF zero, so not to waste the field in accelerating or decelerating particles around the cyclone. The parameters were calculated by computer using a finite difference method. The forces acting on the particles were also analysed. It was discovered that for magnetic forces to overcome the drag forces, with particles _> 5 #m, the ARF had to be greater than 8 Tm-. The second general conclusion that can be made is that there is evidence of material accumulating in the cyclone, especially near the underflow. It is intended that the design of the high-intensity magnetic hydrocyclone would concentrate the magnetic coupling near the top of the hydrocyclone. The swirling action of the liquid, down the length of the cyclone, should then break up any undesirable agglomerates to enable the flow pattern inside the hydrocyclone to be preserved.
